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Abstract:
Ruellia is a complex and interesting plant genus in the Acanthaceae family. It is mainly
pantropical in distribution but unlike most other Acanthaceae, it extends into temperate climates.
It is an endangered or rare plant in many states. This study examines the current status of Ruellia
in Pennsylvania and Eastern North America from a natural history, population genetic, and
morphometric perspective. Floristic surveys were conducted to assess the extent of range
expansion or decline in Pennsylvania. Since 1984, roughly half of the historically occurring
populations are extant. Allozyme analyses were performed in effort to estimate genetic diversity
within and between populations and species. Three loci were resolved on three systems but only
one was variable. A morphometric analysis of R. caroliniensis, R. humilis, and R. strepens
resulted in distinct clustering of species but some overlap occurred.
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INTRODUCTION TO STUDY ORGANISMS AND PROJECT
The Acanthaceae are a showy and speciose plant family with an estimated 275 genera
and 4,000 species (Wasshausen 1998). The largest genera are Justicia (ca. 600 species), and
Ruellia (ca. 250 species). Although primarily pan-tropical in distribution, these two genera and a
few others extend into temperate latitudes. In the United States, 31 species of Acanthaceae are
indigenous to the southeastern United States (Wasshausen 1998) and an additional 25 species
occur in the arid southwest (Daniel 1984). The family is most easily recognized by having
ballistic fruits with internal retinacula (hooked structures aiding in explosive seed dispersal),
opposite leaves with swollen internodes, and cystoliths (calcium crystal deposits visible as short
streaks on leaf surfaces with a hand lens). Additionally, Acanthaceae have opposite leaves, are
estipulate, have sympetalous flowers, a 4 to 5-merous perianth, 2 or 4 and often paired stamens,
2 carpels and a superior ovary, and are nectar bearing. Aside from their attractiveness,
Acanthaceae have long been of great botanical interest because of their widespread distribution,
their diverse habits (herbs, vines, shrubs, and trees), and close pollinator associations (birds,
bees, wasps, moths, and butterflies). The major economic value of the family is in horticulture
where their stunning floral and vegetative morphologies have attracted a crowd of breeders and
growers. Genera such as Acanthus, Aphelandra, Barleria, Eranthemum, Fittonia, Odontonema,
Ruellia, Sanchezia, and Thunbergia are found in the ornamental trade.
Based on nuclear ribosomal and chloroplast genome sequence data, Acanthaceae sensu
stricto are considered to be monophyletic (McDade et al. 2000) and are evolutionarily derived
with respect to other angiosperms, positioned within the order Lamiales (sensu Olmstead 1993).
The family is composed of four major monophyletic sublineages, “Acanthus,” “Barleria,”
“Justicia,” and “Ruellia,” with the latter two as the most derived. Mendoncia and Thunbergia
are sister taxa to the family in the strict sense (McDade et al. 2000).
The Ruellia lineage is largely composed of members of Blechum, Dyschoriste,
Hygrophila, Ruellia, and Sanchezia. The genus was first described by Linnaeus and put into
section Dipteracanthus by Lindau (1895). They are cosmopolitan, perennial herbs or shrubs with
a major center of diversity in Central America. Identification traits are as above for the family,
but they possess an additional complex and interesting floral feature termed the filament curtain.
Four fertile didynamous stamens form a partition that divides the corolla and nectary into two
compartments and is presumably linked to co-evolutionary relationships and/or pollinator
switches (Manktelow 2000).
In the Western hemisphere, the genus Ruellia occurs from the 43rd north parallel in
Wisconsin to the 25th south parallel in Argentina (Tharp and Barkley 1949). There are roughly
25 species of Ruellia in North America (Long 1961), most of which occur in Texas and across
the Southeast. Its total range in the continental United States extends from Pennsylvania
northwest to Wisconsin, south to Kansas and southwest to Arizona, and then east to Florida
(Tharp and Barkley 1949). Unlike most other Acanthaceae, some Ruellia produce cleistogamous
as well as chasmogamous flowers. Cleistogamy is the fascinating yet enigmatic phenomenon of
producing closed flowers subject only to self-fertilization. There has been much discussion
about the factors inducing genetic expression, the developmental pathway of, and adaptive or
non-adaptive value of such a trait (Long 1977, Lord 1981). The issue remains unsolved. It is
interesting to note that cleistogamy has arisen multiple times through independent evolution
across angiosperm taxa. One study documents its occurrence in 56 families and 287 species
(Lord 1981).
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This paper focuses on the genus Ruellia in eastern North American and particularly, in
Pennsylvania. In the Northeast and Mid-Atlantic region, Ruellia caroliniensis, R. humilis, and R.
strepens reach their limit of distribution in Pennsylvania and New Jersey. They are, by far, the
three most widespread Ruellia species in the United States. R. caroliniensis has since been
extirpated from Pennsylvania but still occurs in New Jersey. It reaches west to Illinois, south to
Texas, and east to Florida. There has been an indication of a decline in the range of R. humilis
and R. strepens in Pennsylvania, thus an update of its status was in order. They have similar
southwestern and southeastern borders as R. caroliniensis but extend north into Minnesota and
Michigan, respectively. Other species of Ruellia occur in the arid southwest (Daniels 1984).
Three questions will be addressed in this paper. 1) What is the current population status
and distribution of Ruellia in Pennsylvania, and does this reassessment have conservation
implications? 2) Can measures of genetic diversity be assessed in these extant populations? 3)
Does a morphometric analysis of eastern North American Ruellia specimens help delineate
problematic taxa? Each question will be discussed independently below. The third question
arises from the observation of herbarium specimens that could not be easily identified as one
indisputable species.
NATURAL HISTORY, CURRENT STATUS, AND DISTRIBUTION OF RUELLIA IN
PENNSYLVANIA
Introduction
Historically, there were three species of Ruellia in Pennsylvania: R. caroliniensis, R.
humilis, and R. strepens. The extirpated R. caroliniensis is represented by only two herbarium
specimens, both of which have been confirmed by the author as correct identifications. One was
collected at McCall’s Ferry in York County along the Susquehanna River in the late 1800s. It is
currently housed in the herbarium at the Academy of Natural Sciences in Philadelphia (PH). A
second collection was recently discovered by the author at the Wisconsin State Herbarium in
Madison. Collected by Thomas Porter (1822-1901), it contains no locality information other
than Pennsylvania. Both R. humilis and R. strepens grow in the ridge and valley physiographic
regions of Cumberland and Franklin Counties in south-central Pennsylvania, and the latter
additionally occurs in the Pittsburgh Plateau region in Greene and Washington Counties. It
historically grew along the Conestoga River in Lancaster County and in Dauphin County but
there is no knowledge of its presence in Dauphin County in recent years. R. humilis can only be
found in chiefly one site and is abundant there—a privately-owned, semi-open, active limestone
quarry (approximately 2 km2 in area) in Franklin County. A minimal number of records
document its existence outside of this glade, and there are no records in Pennsylvania of its
occurrence outside of Franklin County. R. strepens is distributed in Franklin County on the
banks and floodplains of the Conococheague Creek and its West Branch, both of which have
headwaters in Franklin County (Michaux and Buchanan State Forests) and empty into the
Potomac River in Northern Maryland. In Cumberland County, it occurs along the Conodoguinet
Creek that begins near the Franklin and Fulton County border on the southwestern portion of
Kittatinny Mountain. The Conodoguinet flows east through Cumberland County and into the
Susquehanna at Harrisburg (Fig. 1). These populations are often quite small and do not always
appear each year (Jim Parks, pers. comm.). R. humilis is currently listed as endangered and R.
strepens threatened in Pennsylvania by the Pennsylvania Natural Diversity Inventory (PNDI).
4

An imperative component of state endangered species programs is the periodic re-evaluation of
listed species. Most of these historic sites have not been checked since they were first listed by
PNDI in 1984 (John Kunsman, pers. comm.), thus, this information is the first update since their
listing. Additionally, since this survey was conducted in one season and by only one individual,
the resulting information should be more consistent than if conducted otherwise, i.e., in more
than one season and by multiple individuals. A floristic update on Ruellia in Pennsylvania will
inform us of any changes in population status that, in turn, will help to maintain the credibility of
the PNDI program.
Methods/Results
Because of travel limitations and practicality issues, the western R. strepens populations
in Greene and Washington Counties were omitted from this study. John Kunsman, botanist for
the Nature Conservancy of Pennsylvania, provided previous field form data for 25 R. strepens
sites across Cumberland, Franklin, and Lancaster Counties and two sites for R. humilis in
Franklin County (Table 1). He was able to provide specific locality data for all sites except
number 10, Cherry Run (he was not able to reference this site). It was subsequently removed
from this study. With its exclusion, the combination of sites 13 and 20 due to proximity, and the
addition of site number 26, Bernheisel Bridge South, 26 total sites remained (24 R. strepens and
2 R. humilis). Attempts were made to visit all 26 of these sites over the course of three weeks
from 23 August to 14 September 2002. A detailed field notebook was kept and relevant
observations were recorded. Twenty-one of these 26 sites were successfully surveyed. The
remaining five sites, numbers 4, 7, 16, 17, and 28 could not be surveyed because they were on
private property and the owner could not be located. Potential serious legal consequences
prevented their surveying without the owner’s consent. Site 4 was owned by Mt. Parnell
Fisheries. The manager would not grant the author permission to access his site because he was
concerned any rare plant finds might deny him the opportunity to expand his fisheries in the
future. Moreover, the historic site of R. strepens there has since been converted to a fishery. Of
the 21 sites successfully surveyed, plants were found at 11 sites including 6 (55), 8 (12), 11 (2),
12 (25), 13/20 (50), 15 (12), 18 (1), 21 (17), 22 (25), 26 (10), and 27 (750) with the estimated
number of individuals per population in parentheses. An estimated 250 R. strepens and 750 R.
humilis were observed. Permits from the Pennsylvania DCNR office were obtained to voucher
listed plants and a specimen was taken from all populations except those with very few
individuals. Specimens are accessioned and deposited at PH. The 10 remaining sites that were
surveyed contained no plants: 1, 2, 3, 5, 9, 14, 19, 23, 24, and 25. Of the 26 total historic sites,
population reassessment was not permitted at 5 sites (19.2%), no plants were found at 10 sites
(38.5%), and extant populations were recovered at 11 sites (42.3%). Of the 21 sites surveyed,
seven were under immediate threat due to a combination of deer browsing and habitat
degradation. Seven of these 21 were moderately threatened by the above factors and the
remaining seven were under no obvious threat to population vigor. Fifteen of the total 26 sites
were under private property ownership and eleven were on public lands or lands not posted as
private property.
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Discussion
Most property and neighboring-property owners of Ruellia sites were not aware of the
existence of a rare plant on their land. An attempt was made to educate them on this issue by
showing them pressed specimens of Ruellia.
Nearly half of the historic populations were no longer in existence (recall there were no
plants at 38.5% and plants at 42.3 % of the total sites). These data represent a dramatic decrease
in the number of extant Ruellia populations in Pennsylvania. Most of this decrease is likely
attributable to a combination of deer browsing and habitat degradation including mowing, foot
traffic, and exotic plant spread. Possible artifacts in these population decreases include the
surveyor failing to sight plants at the 10 non-extant sites and the lack of plants at the time of
survey (since these are perennials, each plant does not always appear every year).
Recommendations to the Pennsylvania Natural Diversity Inventory will be made to move R.
strepens from a threatened to an endangered plant in Pennsylvania. The one, major R. humilis
population on the limestone quarry site is under no immediate threat. However, future mining
operations, if planned and executed, could dramatically alter the current stability of the only
Pennsylvania population. R. humilis is already listed as an endangered species and no
recommendations for status change will be made. Additionally, no management strategies will
be recommended for either species because most of the sites are private property. Because major
changes were observed in the population status of Ruellia in Pennsylvania, this study testifies to
the importance of periodically re-evaluating listed (endangered, threatened, rare, or tentatively
undetermined) species.
Because this project was initiated late in the summer, R. strepens was not seen in
chasmogamous flower as it blooms early in the summer between May and July, primarily. Some
cleistogamous flowers were visible in late August, persisting on the beaks or distal portions of
the capsules. R. humilis produces chasmogamous as well as cleistogamous flowers through midSeptember. The open flowers were visited by small fritillary butterflies and by both large and
small bees, the smaller of which seemed to be less effective pollinators because they were able to
bypass the anthers and stigma lobes to access the nectar (pers. obs.). All flowering had ceased in
this species by 29 September 2002 at site 27.
POPULATION ALLOZYME ANALYSES OF RUELLIA IN PENNSYLVANIA
Introduction
Population genetics is its own biological field but its applicability reaches deep into the
research and interests of many other sub-disciplines. To the systematist, genetic variation is, as
commonly and plainly defined, the “stuff of evolution,” for as Sir Robert Fisher addressed in his
1930’s Fundamental Theorem of Natural Selection (Fisher 1930), evolutionary rates and fitness
are limited by genetic variation. To the conservation biologist, habitat fragmentation and other
anthropogenic perturbations are raising questions about the current state and future vigor of both
rare and widespread species. Strategies to maintain the health of populations may best be
formulated by seeking to protect the context in which natural selection occurs, that is, protecting
the processes that sustain biodiversity rather than the individuals themselves.
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Genetic diversity analyses can provide immediate information on the existing levels of
diversity within and between populations for rare, widespread, disjunct, and other species. There
are many methods of qualifying and quantifying genetic diversity including a variety of visual
observations, enzyme analyses, and molecular or DNA analyses. Though molecular analyses are
perhaps more popular today, utilizing a class of enzymes termed allozymes has historically been
an effective method of assessing genetic diversity and are often more cost-efficient than the
former. A simple definition of an allozyme is “an alternate form of the same enzyme produced
at one locus” (allozymes are a subset of isozymes, or alternate forms of the same enzyme
produced at multiple loci). Allozymes and isozymes are functionally similar to their enzyme
predecessor but have slightly different structural arrangements and/or chemical components.
They are thought to arise from genetic duplication events. These alternate forms of a
functionally similar enzyme may be useful in subcellular compartments (such as in chloroplasts)
that host different conditions for catalysis (Weeden and Wendel 1989). These structural
differences do not necessarily but often affect their overall molecular charge, thus allowing one
to visualize differences in mobility when run through charge and size-based starch (or other
media) gel electrophoresis. With ample data from allozyme electrophoresis, one should be able
to estimate the level of variation within populations by basic calculations such as the mean
number of alleles per locus (A), the proportion of polymorphic loci relative to total loci
examined (P), and heterozygosity or mean genetic diversity (H). Measures to assess divergence
between populations include calculating Wright’s F-statistics (Fst) and Nei’s measure of
population divergence (Dpt). Like all quantitative biological assessments, some theoretical
questions persist as to the accuracy and/or precision of allozyme results. These discussions are
outside the scope of this paper.
Ruellia humilis and R. strepens are endangered and threatened plants in Pennsylvania
because of their limited occurrence and small population sizes. R. humilis is found in one large
and apparently interbreeding population in the state. R. strepens occurs in several small and
somewhat isolated populations along two stream corridors. Because of likely limited gene flow
and some degree of isolation, genetic drift and founder effects are suspect in shaping population
variation in the latter species. A priori hypotheses regarding population genetic diversity in
Pennsylvania Ruellia are as follows: 1) interspecific variation—genetic variation is positively
correlated with spatial distribution; R. strepens has higher levels of genetic diversity than R.
humilis in Pennsylvania because it is more widespread (found in many counties versus only one
county), and 2) intraspecific variation—genetic variation is positively correlated with population
size; large populations (having more extensive gene pools) will have higher levels of genetic
diversity than smaller populations.
Methods
While field surveying the status of Ruellia populations in Pennsylvania, a simultaneous
effort was made to gather samples to be used in an allozyme analysis to assess genetic diversity
questions discussed above. Fresh leaf samples were taken from the following extant populations,
with the number of individuals sampled per population in parentheses: 6 (12), 8 (6), 11 (2), 12
(6), 13/20 (9), 15 (7), 18(0), 21(6), 22(6), 26(7), and 27(35) for a total of 96 fresh leaf samples.
None were taken from population 18 because it consisted of only one plant. Each sample was
placed on ice within one hour of sampling and within 48 hours, samples were ground with a
“microbuffer” extraction (Werth 1985) and stored in an ultrafreezer (-80 C) until used in
7

analyses. Additionally, each plant that was sampled for fresh leaves was also sampled for drying
(one leaf placed in silica gel) and fruits were bagged to collect seeds except for population 11
that had only two individuals. The dried samples may potentially be used in future analyses with
RFLP’s (restriction fragment length polymorphisms) or ISSR’s (inter-sequence simple repeats),
two common methods of assessing genetic diversity at the molecular level when allozymes are
not sufficiently variable. Using seeds and/or seedlings grown from them in allozyme analyses
adds more information to population variation by allowing for assessments on mating systems,
parental genotypic frequencies, and reproductive biology in general (Hamrick 1982). Between
27-28 October 2002, all extant sites were again visited to retrieve bags. Seeds were collected
from the following populations, with number of seeds per population in parentheses: 6 (24), 8
(27), 11 (0), 12 (11), 13/20 (92), 15 (66), 18(0), 21(35), 22(0), 26(49), and 27(44) for a total of
348 seeds. Some of these seeds, however, came from the same individual. Additionally, no
seeds were recovered in some bags, and not all bags were recovered from all populations (63%
of 94 individuals bagged were not recovered). These were presumably removed by strong
winds, animals, or mowers.
There are no standard assays for any given allozyme, but rather, success is usually met by
following procedures (grinding buffers, stain recipes, gel conditions) that have previously
worked on related taxa. Initially, no literature on allozyme analyses of Acanthaceae members
could be found so many combinations of different methodologies and repetitions were attempted
in effort to reveal the appropriate conditions for allozyme activity in Ruellia. The following
conditions, buffer, and stain recipes follow Wendel and Weeden (1989). From 9 October 2002
through 3 March 2003, 12% starch gels were run at 200 volts and 25 milliamperes for 2.5-6
hours (depending on the enzyme system) at the Academy of Natural Sciences in Philadelphia.
Allozyme systems that showed activity (banding) at least once include GPI (glucose-6-phosphate
isomerase), MPI (mannose phosphate isomerase), PGD (phosphogluconate dehydrogenase),
PGM (phosphoglucomutase), SKD (shikimate dehydrogenase), and SOD (superoxide
dismutase). The following buffers were used to resolve these enzyme systems: histidine-citrate
pH 5.7 for PGD and PGM, tris-citrate pH 7.0 for PGD and SKD and pH 7.5 for PGD, tris-borateEDTA pH 8.0 for GPI and PGM, and tris-borate-EDTA pH 8.6 for MPI and SOD.
Other systems attempted but with no banding activity included AAT, ACO, ADH, CAT,
GDH, HEX, IDH, ME, and RBC. The quaternary structures of MPI, PGM, and SKD are
monomeric with 1, 2, and 1-2 loci (Richardson et al. 1986, Kephart 1990). GPI, PGD, and SOD
are dimers with 2, 2, 1-2 loci (Kephart 1990, Richardson et al. 1986). Because GPI, MPI, and
SKD only worked for 3, 2, and 1 trial(s) respectively, they have been omitted for the remainder
of the results and discussion.
Results/Discussion
PGD was variable across some individuals and populations but PGM and SOD
consistently displayed invariant and unclear banding patterns. No more than two bands appeared
on any PGD, PGM, and SOD gel. Given this information, it is not possible to confidently
interpret these data as results from simultaneous activity of isozymes produced by more than one
locus (as could be possible with PGD). Thus, it will be assumed from here on that all activity is
the simplest pattern of expression, i.e., the result of one polymorphic locus for PGD and one
monomorphic locus for PGM and SOD. This is likely an accurate assumption because 1) all
banding consistently occurred at a single zone of activity, i.e., the same distance from the origin
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across all gels (as opposed to different zones of activity for expression of multiple loci) and 2)
because no special measures were taken (and are usually otherwise required) to extract proteins
from membrane bound plastids such as chloroplasts. Because PGD is dimeric, expected patterns
of banding are 1:2:1 (Hillis et al. 1996). Four alleles presumably exist: a, b, c, and d. Possible
homomeric combinations and expected frequencies are ab (25%) and cd (25%). Possible
heteromeric combinations and expected frequencies are ad and bc (50%). Table 2 lists expected
and observed allele frequencies for PGD and PGM. PGM consistently displayed two bands
across all individuals sampled. Simple Mendelian inheritance states that homozygotes should
appear 25% (aa) and 25% (bb) of the time and heterozygotes (ab), 50% of the time. These data
do not follow Mendelian genetics. Because all individuals sampled appear to be fixed
heterozygotes and non-variable at this locus, PGM cannot here be used to assess genetic
diversity. Many data quality issues persisted with SOD staining. Most bands were very faint
and/or unclear. Gels that showed conspicuous banding were all non-variable. SOD, like PGM,
cannot be used in this study for answering genetic diversity questions.
Only one system, PGD, proved to be variable and reliably interpretable of the three
working systems. One enzyme system is not sufficient for making quality estimates on levels of
genetic diversity. Possible problems with this allozyme analysis include a lack of enzymatic
activity due to 1) poor initial extraction, 2) prolonged freezer storage, 3) interference from
phenols or other inhibitory products, and 4) inappropriate buffering systems. L. McDade
provided fresh leaf material from Ruellia peninsularis, a Sonora Desert species. When its
enzyme extraction was run adjacent to R. humilis and R. strepens on gels, variable and sharp
bands appeared. This suggests that prolonged freezer storage of material might be the major
issue as standard extraction buffers were used for R. peninsularis. Future efforts include
growing out the collected seeds to seedlings and running more starch gels with fresh leaf
material. If variability is still not evident, RFLP’s or ISSR’s will be attempted when time and
resources permit.
A belated discovery of an Acanthaceae allozyme study was made in March of 2003. This
paper successfully used systems AAT, G-3-PDH, GPI, IDH, LAP, PGD, and PGM to provide
evidence for a naturally occurring hybrid, Ruttyruspolia (Lowrey and Crawford 1987). Thus,
these two studies taken together provide some future reliability for GPI, PGD, and PGM activity
in Acanthaceae.
MORPHOMETRIC ANALYSES OF RUELLIA ACROSS EASTERN NORTH AMERICA
Introduction
North American Ruellia have undergone taxonomic scrutinizing by a number of authors
including a principal monographer (Fernald 1945; see also Tharp and Barkley 1949, Long 1970,
and Wasshausen 1998). Specific examples of taxonomic complexities are found in two studies
done by Long (1961 and 1964). He concluded in the first that because of intergradation of
morphological features and the vigor of artificial hybrids, R. caroliniensis and R. humilis were
probably elements of the same biological species. In the second, he claimed his evidence of a
lack of reproductive isolating mechanisms (RIM’s) presented the case for the transfer of three
southeastern Ruellia species (R. ciliosa, R. heteromorpha, and R. succulenta) to ecological races
of R. caroliniensis. Fernald states, “the great difficulty is to find stable characters within the two
polymorphous species, R. caroliniensis and R. humilis” (1945). He proceeds to name 18
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varieties and forms of R. caroliniensis and R. humilis, but most of these are infrequently used
today.
Inconsistent, overlapping, and problematic identification characters encountered by the
author as well as a history of taxonomic perplexity warrants an investigation of the genus Ruellia
in eastern North America. As R. caroliniensis, R. humilis, and R. strepens are the most
widespread Ruellia species in North America, it would be interesting to examine the stability and
potential overlap of morphological characters across their entire range of distribution. A special
effort was made in an attempt to reveal new, stable characters that could be used in species
delimitation.
Methods/Results
A total of 253 eastern North America Ruellia herbarium specimens were examined and
annotated between February and April 2003. Forty-two were holdings of PH and the remaining
191 were loans from various herbaria across the north and southeastern United States. These 253
specimens were R. strepens (99), R. caroliniensis (80), R. humilis (47), R. purshiana (11), R.
ciliosa (8), R. pedunculata (3), R. pinetorum (3), and R. noctiflora (2). Calipers and visual
observations were used to quantify 15 binary, ordinal, and continuous characters (variables): leaf
length, leaf width, internode length (excluding the first internode), petiole length, peduncle
length, calyx length, calyx width, calyx pubescence, calyx glandularity, number of stigma lobes,
capsule pubescence, position of capsule pubescence, capsule length, phenological month, and
reproductive mode (chasmogamous and cleistogamous). Characters not apparent on the
herbarium material were scored as -1 and entered into the data matrix. Starting with 253 objects
(herbarium specimens), this matrix was reduced to 132 objects (objects containing three or less
negative variables) and then again to 66 objects (objects containing two or less negative
variables). These three matrices were first used to qualitatively make observations about
character correlation to species. Then, after calculating Eigenvalues, Principal Coordinate
Analyses (PCoD) were performed on these three matrices in effort to find a meaningful
clustering or pattern of objects (Manly 1986.). PCoD summarizes variation in characters by
reducing the characters to fewer dimensions than the characters themselves and then displaying
this summary in a dissimilarity ordination plot. Two dimensions were visualized in all three
matrices. The percentage of variability information captured in the first, second, and total (both)
dimensions are moderate values and are as follows: 253 object analysis (24%, 11%, 35%), 132
object analysis (22%, 14%, 36%), and the 66 object analysis (24%, 19%, 43%). Thus, the first
dimension was most informative in all cases.
Because so few herbarium specimens of R. purshiana, R. ciliosa, R. pedunculata, R.
pinetorum, and R. noctiflora were available for measurements, they were deleted from the
finished ordination plots for the purposes of this study. In other words, not enough material was
available to represent these species on ordination plots with confidence. The 253 plot was highly
cluttered and objects were difficult to visualize. It was therefore disregarded.
Discussion
Both the 132 and 66 plots illustrated reasonably good clustering of individuals of R.
caroliniensis, R. humilis, and R. strepens, with the latter two scattering furthest apart, or, being
the most dissimilar (Fig. 3). These groupings are easily discernable but individuals within them
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are not tightly bound to one another or to a central point within the cluster. Additionally, a few
R. caroliniensis specimens cluster with or near R. humilis and R. strepens. This is of interest
because of Long’s speculation (1961) that R. caroliniensis and R. humilis are members of the
same biological species. Certainly successful hybridization events may occur in areas of
sympatry, and these species may be closely related evolutionarily, but as these herbarium
specimens represented the extent of their ranges, these data seem to support the more commonly
held view that they are, in-fact, three distinct species.
A new character was revealed that could be potentially informative in a taxonomic sense.
R. caroliniensis had 1.75 to 2 (but mostly 2) stigma lobes in 100% of scorable specimens. R.
humilis and R. strepens had 1 to 1.25 (but mostly 1) stigma lobes in 94.4% (1/18) and 85.7%
(2/14) of the scorable specimens (Fig. 4). Based on this study, the number of stigma lobes is a
relatively stable character that should be considered useful in taxonomic studies of eastern North
America Ruellia. A second character that needs further study is capsule pubescence. While
most R. caroliniensis specimens had entirely glabrous capsules, both R. humilis and R. strepens
often possessed a few apical hairs on the loculicidal and septicidal sutures of their capsules.
These were either long and eglandular (more frequent in the former) or short and glandular
(more frequent in the latter). As there were some deviations in these patterns, more research is
necessary to determine the value of this character for taxonomic studies.
Cleistogamous as well as chasmogamous flowers were seen in R. caroliniensis, R.
humilis, and R. strepens specimens. None were observed in the other five Ruellia species
mentioned above. There appears to be some periodicity in reproductive mode with
cleistogamous flowers becoming more common as summer wanes. Based on specimens
examined, R. caroliniensis produced more cleistogamous flowers in mid-July through September
than in the preceding summer weeks. R. humilis produced both chasmogamous and
cleistogamous flowers in September but only chasmogamous flowers in May through August. In
nearly all cases, R. strepens was reproducing solely by cleistogamy in August and September but
not prior to these months. No major trends were found in terms of regionality, e.g.,
cleistogamous plants were not restricted to northern areas (hence cooler or more stressful
climates) of distribution. However, it is important to note that in the other five Ruellia species
concentrated in the southeastern United States, cleistogamy was never observed by the author
(though fewer sheets were available for examination of these five species).
Many hypotheses exist regarding the functional significance in breeding systems, the
development, and evolution of cleistogamy (Lord 1981). Floral organs are usually conserved
evolutionarily compared to vegetative structures, yet cleistogamy may be a rare example of floral
plasticity. It remains an intriguing phenomenon that invites a serious study on floral
evolutionary development.
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Fig. 1 Map of extant Ruellia localities in Pennsylvania

Fig 2. Example of starch gel stained for PGM, 11 Dec. 2002
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Fig. 3. PCoA of eastern North American Ruellia, with arrows showing overlap of specimens.
C=R. caroliniensis, H=R. humilis, and S=R. strepens. (A) 132 plot, (B) 66 plot
(A)
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(B)

14

Fig 4. Number of stigma lobes in eastern North American Ruellia
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Table 1. Recent (1984) historic Pennsylvania Ruellia populations
Species
Site
Site Name
County
Quad
Number
R. strepens 1
Baker Caverns
Franklin
Williamson

Approximate
# individuals
N/A

R. strepens

2

R. strepens

3

R. strepens

Franklin

Williamson

N/A

Franklin

Williamson

N/A

4

Rockdale
Woods
Williamson
Quarry
Fort Louden

Franklin

McConnellsburg

N/A

R. strepens

5

Siberia

Franklin

Chambersburg

N/A

R. strepens

6

Licking Creek

Franklin

Mercersburg

55

R. strepens

7

Franklin

Williamson

N/A

R. strepens

8

Franklin

Williamson

12

R. strepens

9

Franklin

Mercersburg

N/A

R. strepens

10

Martin's Mill
Bridge
North Welsh
Run
Mercersburg
Woods
Licking Creek 2

Franklin

Cherry Run

N/A

R. strepens

11

Franklin

Williamson

2

R. strepens

12

Cumberland

Harrisburg W

25

R. strepens

13/20

Cumberland

Wertzville

50

R. strepens

14

Conococheague
Bridge
Hampden
School
Lambs Gap
Road/LGR West
Cave Hill

Cumberland

Carlisle

N/A

R. strepens

15

Carlisle Woods

Cumberland

Carlisle

12

R. strepens

16

Cumberland

Plainfield

N/A

R. strepens

17

Willow Grove/
Opossum Creek
Bloserville Hill

Cumberland

Plainfield

N/A

R. strepens

18

Bridge Road

Cumberland

Plainfield

1

R. strepens

19

Mountain Road

Cumberland

Newburg

N/A

R. strepens

21

Howard Lane

Cumberland

Wertzville

17

R. strepens

22

Cumberland

Wertzville

25

R. strepens

23

Bernheisel
Bridge
Sample Bridge

Cumberland

Wertzville

N/A

R. strepens

24

Willow's Mill

Cumberland

Wertzville

N/A

R. strepens

25

Owl Bridge

Lancaster

Safe Harbor

N/A

R. strepens

26

Cumberland

Wertzville

10

R. humilis

27

Bernheisel
Bridge South
Valley Quarry

Franklin

Williamson

750

R. humilis

28

Johnston Run

Franklin

Mercersburg

N/A
16

Table 2. PGD and PGM allele frequencies
Expected allele combination
frequencies
PGD-ab

0.25

Observed allele
combination
frequencies
0.16

PGD-ac, bd

0.50

0.36

PGD-cd

0.25

0.48

PGM-aa

0.25

0.00

PGM-ab

0.50

1.00

PGM-bb

0.25

0.00
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